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(54) Integrated liquid crystal display and digitizer 



(57) A unitary display and sensing device integrates 
liquid crystal display module elements of a liquid crystal 
display module for detecting input on a flat panel display 
screen with the capability for digitizing the detected in- 
puts. In accordance with an illustrative embodiment of 
the present invention, display elements of a liquid crystal 
display module are modified to sense input on the dis- 



play screen. An electrical signal is applied to modified 
display elements of the liquid crystal display module so 
that contact with a surface portion of the display screen 
produces an output signal indicative of its location. The 
integrated display and sensing device is active matrix 
addressed for finger input, but may also incorporate dis- 
play systerns for active pen input. 
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Description 

Background of the Invention 

1. Field of the Invention 

The present invention relates generally to electronic 
liquid crystal display panels and, more particularly, to 
display panels with an integrated digitizer 

2. Description of the Prior Art 

Liquid crystal display panels are used in many elec- 
tronic data handling devices, including lap-top comput- 
ers, personal digital assistants, personal organizers, 
and point-of-sale terminals. These flat panel display 
systems typically incorporate the capability of inputting 
information directly onto the display screen by pointing 
or writing with a finger or a non-inking pen. For example, 
a finger may be used to push a "soft" button that is dis- 
played on the screen or a non-inking stylus can be used 
to sign one's name and have it captured and displayed 
electronically. 

The structure of a typical prior art liquid crystal dis- 
play panel is shown in FIG. 1 A. In this structure, the sep- 
arate functions of sensing the location of finger or pen 
input on the display screen and the subsequent depic- 
tion of that information, are performed by individual dis- 
play components which are packaged together. The lo- 
cation sensing components of the display panel com- 
prise a cover glass to which the finger or pen is contact- 
ed and a digitizer or transducer which functions to pro- 
duce signals indicative of the location of the pen, finger 
or other input to the display screen. A variety of different 
types of digitizers are used to sense the location of in- 
formation input on the cover glass such as infra-red, 
acoustical, optical, capacitive, resistive or inductive 
methods. These transducers may be affixed to the flat 
panel display architecture either above (shown in FIG. 
1 A) or below (not shown) the liquid crystal display mod- 
ule and polarizers. 

The display components of the typical display panel 
shown in FIG. 1 A, comprise a light reflecting and/or 
emitting back surface and two polarizers, between 
which is located a liquid crystal display module. The po- 
larizers function to select one component of light reflect- 
ed off the back surface and through the liquid crystal 
display module so as to make the viewed surface of the 
cover glass appear bright when the cell (or pixel) is off 
or dark when the cell (or pixel) is on, when operated in 
the normally white mode. (The reverse is true in the nor- 
mally dark mode). 

One display component of a typical liquid crystal 
display panel is the liquid crystal display module shown 
in FIG. 1B. This liquid crystal display module is com- 
prised of several layers of conducting and electro-optic 
materials called liquid crystal display module elements. 
Liquid crystal display module elements include a color 



filter plate with black matrix material deposited on one 
surface to block light and below which is located a color 
filter array, liquid crystal material and an active matrix 
plate upon which an array of thin film transistors and pic- 
s ture elements (pixels) have been formed and which 
functions to cause the liquid crystal material to display 
shapes of variable opacity in response to an electric field 
created between two transparent conductors. For pur- 
poses of this description and the appended claims, liq- 
io uid crystal display module elements of the liquid crystal 
display module are bonded together to form a singular 
display panel component. 

There are problems associated with interleaving 
separate digitizers in display panels, as described 
is above. In particular, such displays exhibit increased 
glare from ambient light as a result of air-gaps which 
arise when the digitizer is affixed to the display compo- 
nents which comprise the display panel. Additionally, 
fabrication costs and complexity are increased by the 
need for separate dedicated sensing hardware, as well 
as requirements that the sense locations be interfaced 
with the display hardware for properly associating input 
to the appropriate display elements. 

Thus, it would be useful for both the transducer and 
liquid crystal display module to be integrated in a single 
display panel component so as to eliminate the need for 
an "add-on" digitizer. Such an arrangement would re- 
duce cost and increase reliability by utilizing the same 
processing steps and materials. 

Summary of the Invention 

The present invention provides a highly advanta- 
geous approach for flat panel display systems by incor- 
porating a liquid crystal display module which integrates 
in a single display panel component, liquid crystal dis- 
play module elements for performing the separate func- 
tions of sensing the location of finger or pen input on the 
display screen with the capability to depict such infor- 
mation. As such, manufacturing complexity, and cost 
are reduced and reliability increased by utilizing liquid 
crystal display module elements of the liquid crystal dis- 
play module hardware to perform both the display and 
digitizing functions, instead of separate components. 

In accordance with an illustrative embodiment of the 
present invention, the integrated display and sensing 
device is active matrix addressed for finger input. How- 
ever, it is contemplated that integrated display and sens- 
ing devices may also incorporate display systems for ac- 
tive pen input. 

In an illustrative embodiment of the present inven- 
tion, one or more liquid crystal display module elements 
of the liquid crystal display module are adapted for sens- 
ing the location of an input on the display screen. Mod- 
ified liquid crystal display module elements may include 
but are not limited to the light shielding layer for the color 
filters, the common voltage element and the color filter 
plate. 
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With this approach a voltage pulse is applied to an 
array of sensing electrodes and a pair of resistor strings 
comprising one or more of the modified liquid crystal dis- 
play module elements. When an object is brought in 
close proximity to the display screen capacitive coupling 
occurs between the object and sensing electrodes. The 
capacitive coupling causes current flow from the sens- 
ing electrodes into the resistor strings, which is indica- 
tive of the location on the display screen of the sensed 
input. 

Other objects and features of the present invention 
will become apparent from the following detailed de- 
scription considered in conjunction with the accompa- 
nying drawings. It is to be understood, however, that the 
drawings are designed solely for purposes of illustration 
and not as a definition of the limits of the invention, for 
which reference should be made to the appended 
claims. 

Brief Description of the Drawing 

FIG. 1 A shows a schematic illustration of a prior art 
front plane digitizer; 

FIG. 1B shows a schematic illustration of a typical 
prior art liquid crystal display module; 
FIG. 2 illustrates a cross-sectional cut of a section 
of a liquid crystal display module showing the liquid 
crystal display module elements used for detecting 
input on a flat panel display screen; 
FIG. 3A is a perspective view of the layers of the 
liquid crystal display module which are used for de- 
tecting input on a flat panel display screen; 
FIG. 3B shows a top view of these same layers 
which comprise the capacitive touch sensor; 
FIG. 4A shows a schematic illustration of a capac- 
itive touch sensor pattern and resistive strings in the 
black matrix layer of a liquid crystal display; 
FIG. 4B is a perspective view of these same layers 
which comprise the capacitor touch sensor pattern 
and resistive strings in the black matrix layer of a 
liquid crystal display; 

FIG. 5A shows an alternative capacitive touch sen- 
sor pattern with resistive strings in the black matrix 
layer of a liquid crystal display; 
FIG. 5B is an enlargement of a black matrix cut su- 
perimposed over the blue color filter array element; 
FIG. 5C is a perspective view of the layers which 
comprise the capacitive touch sensor pattern and 
resistive strings in the black matrix layer of a liquid 
crystal display; 

FIG. 6 depicts a current amplifier used to sense the 
currents at each of the nodes A, B, C, and D as in- 
dicated in FIGS. 4A & 5A; and 
FIG. 7 illustrates the phase locking and summing of 
amplified currents from the black matrix layer of the 
liquid crystal display. 



Detailed Description 

Referring to the active matrix addressed liquid crys- 
tal display module 1 shown in FIG. 2, black matrix ma- 
5 terial 11 and transparent conductor 14 are also advan- 
tageously employed in capacitively sensing pen or fin- 
ger input on the flat panel display screen. With this ap- 
proach, transparent conductor 1 4 and black matrix ma- 
terial 11, which were previously used just for operating 
the liquid crystal display module, in particular the com- 
mon voltage element of the liquid crystal display, and as 
a light shielding layer for the color filters, are adapted 
for sensing the location of an input on the display screen. 

The liquid crystal display module 1 used for display- 
ing responses to an input on a flat panel display screen, 
has a glass color filter plate 10, spaced from an active 
matrix plate 25, with the area in between containing sev- 
eral layers of conductive and electro-optic materials. On 
an interior surface of color filter plate 10, there is a pat- 
terned layer of black matrix material 11 comprising an 
anti-reflective, absorbing film. Black matrix material 11 
can also be conducting (e.g. Cr). Below black matrix ma- 
terial 11 is a color filter array 12, containing separate 
red, green and blue color filters, and a planarization lay- 
er 13, which is an overcoating that is used to reduce 
contamination of the liquid crystal material 16 and 
ptanarize the surface. If liquid crystal display module 1 
is not a color display, color filter array 12 is not present. 
Located above active matrix plate 25 and below planari- 
zation layer 13 are two transparent conductors 14, 18 
and alignment layers 15,17. 

A perimeter adhesive seal 19 confines liquid crystal 
material 16 to the area remaining between transparent 
conductors 14, 18 and alignment layers 15, 17. Spacers 
20, including a suitable electrically insulative material 
are located in liquid crystal material 16. Spacers 20 pre- 
vent thickness variations in the liquid crystal cavity and 
prevent distortions to display module 1 . In a peripheral 
area of display module 1, black matrix material 11 and 
transparent conductor 14 are electrically connected to 
active matrix plate 25 through black matrix contact pad 
21 and common/guard plane contact 22, respectively. 
These electrical contacts to black matrix material 11 and 
transparent conductor 14 could also be made through 
contact pads formed on color filter plate 10 (not shown). 
Active matrix plate 25 has a construction in which 
switching elements comprised of an array of thin film 
transistors (not shown) are interconnected to an array 
of cells called picture elements or pixels (not shown) via 
gate, row, data or column lines. 

For the operation of the display functions liquid crys- 
tal display module 1, transparent conductor 14 (which 
also acts as guard electrode 31 for the capacitive touch 
sensor of FIG. 3B) is an unpattemed film of transparent 
conductive material, usually 100 - 200 nm of deposited 
indium tin oxide. This conductor serves as a common 
voltage element for all the pixels on active matrix plate 
25. A voltage waveform is applied to transparent con- 
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ductor 14, at frequencies which create an electric field 
across liquid crystal material 16 causing the areas cov- 
ered by picture element electrodes to display shapes of 
variable opacity. Transparent conductor 1 4 is driven with 
a square voltage waveform to reverse the polarity of the 
voltage that appears across the liquid crystal material 
16. It is well known that dc voltages can degrade the 
characteristics of liquid crystal material and shorten the 
lifetime of a display. Alternative drive schemes can also 
be used where transparent conductor 14 is not driven, 
but kept at a constant potential while the voltages on the 
pixels are reversed and switched through a correspond- 
ing frequency range. 

Black matrix material 11 of liquid crystal display 
module 1, is a patterned material which is employed to 
prevent light from impinging on the thin film transistors 
used to switch the pixels on the active matrix plate 25. 
In addition, black matrix material 11 is also used to cover 
the edges of the pixel electrodes where distortions in the 
electric field applied across a liquid crystal display, pro- 
duce distortions in liquid crystal alignment and therefore 
degradation in the display contrast ratio. 

In a one embodiment of this invention, transparent 
conductor 1 4 and black matrix material 1 1 , as described 
above and depicted in FIG. 3A, are driven with a square 
wave voltage pulse. When a finger or non-inking pen is 
brought in close proximity to the display screen, the ca- 
pacitive coupling to ground is altered and the magnitude 
of the displacement current is correspondingly modified, 
and is indicative of the location on the display screen of 
the sensed input. 

Referring to FIG. 3B, capacitive touch sensor 30 in- 
cludes conducting sensing electrodes 32, formed in 
black matrix material 11 (FIG. 3A), and a conducting 
guard electrode 31 (which is also the transparent con- 
ductor 14 of FIG. 3A). Planarization layer 13 is not 
shown but it is needed to prevent conducting guard elec- 
trode 31 from shorting together all conducting sensing 
electrodes 32. To facilitate formation of an electrostatic 
field, resistive strings 33 are coupled to each sensing 
electrode 32. The shape, size, and materials of sensing 
electrodes 32 are dependent on the application, hence, 
the triangular (backgammon) pattern depicted in FIGS. 
3A and 3B, are not essential. The key ingredient is to 
have strips of conducting material of a size sufficient to 
determine the X and Y locations of an implement touch- 
ing the display screen, that are driven in parallel by a 
voltage source 34. 

Capacitive touch sensor 30, shown in FIG. 3B, 
senses the proximity and position of a finger relative to 
the sensing surface by measuring the capacitance be- 
tween the finger and surface in a position dependent 
way. The measurement relies on the fact that when a 
finger is brought near an excited electrode, a measura- 
ble displacement current flows between them. 

An array of interlocking sensing electrodes 32 are 
used to sense finger position in addition to touch. Each 
electrode set is interconnected via a suitably valued re- 



sistor string 33. Sensing electrodes 32 are shielded from 
below by guard electrode 31 and are covered from 
above by the glass substrate to prevent contact with the 
finger. Covering sensing electrodes 32 with the glass 

s plate greatly enhances the sensitivity with which finger 
positions can be detected. The four ends of resistive 
strings 33 at nodes A 36, B 39, C 38, and D 37 and guard 
electrode 31 are driven by voltage source 34. Currents 
la, lb, Ic, and Id are also measured flowing into the ends 

io of resistive strings 33 from voltage source 34. Only rel- 
atively small currents flow into resistive strings 33, since 
the nearby display element (guard electrode 31) is driv- 
en in unison by voltage source 34. Nevertheless, when 
a finger approaches the display screen, the currents la, 

15 !b, Ic, and Id at nodes A 36, B 39, C 38, and D 37 are 
increased. The finger provides one path for current to 
flow back to the sensor circuit common, node E 35, or 
ground through a winding path. The return circuit in- 
cludes the capacitive coupling between the finger tip 

20 and sensing electrodes 32, a resistive path through the 
body for the hand held device, and capacitively from the 
hand to the sensor circuit common, at node E 35. The 
capacitance between the finger tip and sensing elec- 
trodes 32 is the dominant impedance. (Also see, U. S. 

25 Patent 4,893,071, which is incorporated herein by ref- 
erence). 

Consider a finger, touching the surface of the dis- 
play screen directly above the center of the array of 
sensing electrodes 32 above region 302. In this arrange- 

30 ment, the current increase will be proportional to the ar- 
ea of the sensing electrodes covered by the finger The 
current attributable to area E 304 of sensing electrode 
F 305 will flow to node G 306, while the current attribut- 
able to area H 303 on sensing electrode I 307 will flow 

35 to node J 308. For node G 306, the current flowing into 
this node from sensing electrode F 305 is equal to the 
sum of the currents flowing away from it towards nodes 
A 36 and B 39. Since node G 306 is located approxi- 
mately equidistant from nodes A 36 and B 39; the meas- 

40 ured current flowing into node A 36 at the end of the 
resistor string is balanced by the measured current flow- 
ing into node B 39 at the other end of the resistor string. 
Similarly, for node J 308, since it is also located equidis- 
tant from nodes C 38 and D 37 the measured current 

45 flowing into node C 38 is balanced by the measured cur- 
rent flowing into node D 37. The current variation with 
finger position is linear in each direction such that the Y- 
axis position is given by 



so 



55 



Y = 



la + ld 



la+ lb + lc+ Id 



while the X-axis position of the touch is given by 



X = 



Id+lc 



(D 



(2) 



ta+ lb+ tc+ Id 
Calculation of the X and Y location of the finger would 
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then show that it is centered in the middle of the display, 
as expected. 

Assume the same finger is placed on the surface of 
the display screen directly above touch region 301. The 
current attributable to area K 310 on sensing electrode 
L 31 1 will flow to node O 31 2 and the current attributable 
to area M 313 on sensing electrode N 314 will flow to 
node P 31 5. Area K 31 0 is much larger than area M 31 3, 
so the current flowing to node O 312 will be larger than 
the current flowing to node P 31 5, wh ich is determinative 
of the location of the object relative to the center of the 
array of sensing electrodes. For node O 31 2, the current 
flowing from sensing electrode L 31 1 is equal to the sum 
of the currents flowing towards nodes C 38 and D 37. 
Since node O 312 is closer to node D 37 than to node 
C 38 the current flowing into node D 37 at one end of 
the resistor string is larger than the current flowing into 
node C 38 at the other end of the resistor string. For 
node P 315 the current flowing from sensing electrode 
N 314 is equal to the sum of the currents flowing into 
nodes A 36 and B 39 from the resistor string. For the 
same reason as for node D 37, the current flowing into 
node A 36 will be larger than the current flowing into 
node B 39 from the resistor string. 

Several other finger proximity sensing methods can 
be used as well. The electrodes and resistive strings 
could be replaced by a continuous resistive sheet with 
rfdrive and current sensing structure implemented at the 
corners. (See U. S. Patent 5,337,353 which is incorpo- 
rated herein by reference.) However, such a structure 
would also require complicated correction circuitry to 
correct inherent non-linearity's. Another method for fin- 
ger touch is "finger mouse", described in U. S. patent 
application, Serial No. 08/011040 which is incorporated 
herein by reference. The "finger mouse" method is also 
based on an electrode structure, however it is less suit- 
able, since the electrodes are not easily formed by mod- 
ifying an existing liquid crystal display layer and would 
also require two level wiring, to implement current sens- 
ing. 

The central advantage of the triangular patterned 
touch sensor is the single electrode level and wiring de- 
sign, that makes it suitable for inclusion within a liquid 
crystal display. 

With reference to FIG. 3A, the version of the inven- 
tion herein described, uses the capacitive touch sensor 
pattern 60 of FIGS. 4A and 4B, formed in black matrix 
material 11 of the liquid crystal display, to sense objects 
in the proximity of a flat panel display screen. Color filter 
plate 10 with patterned, conducting black matrix mate- 
rial 11 can befabricated as follows. First, color filter plate 
10 is cleaned and dried. Next, black matrix material 11 
is deposited on one surface of the plate, either the inte- 
rior side of the liquid crystal display, as depicted, or on 
an outside surface of the liquid crystal display module. 
Deposition of black matrix material 11 may be accom- 
plished through the use of any conventional deposition 
technique. Black matrix material 11 is comprised of a 



stack of different materials, directed to obtaining a low 
reflectivity, strongly absorptive surface. See U. S. patent 
application Serial No. 08/351969, which is incorporated 
herein by reference. For example, multiple layers of Cr 
s and Cr 2 0 3 will provide these desired characteristics. A 
film stack can also be chosen such that the top layer is 
left conducting, such as with a layer of chromium. Alter- 
natively, if the top layer is insulating, it may be deposited 
with a shadow mask or later patterned to enable elec- 
10 trical contact to the conducting part of the black matrix. 
After black matrix material 1 1 is deposited, it is patterned 
using standard photolithographic techniques. (See D. A. 
McGillis, "Lithography", in S. M. Sze, Ed., VLSI Technol- 
ogy, McGraw-Hill, New York, 1983). Material patterning 
75 is well understood in the art, involving, for example, dep- 
osition and lithographic exposure of a resist layer, fol- 
lowed by either a plasma or wet etch step where the 
pattern is transferred through the layers of black matrix 
material 11. 

Referring to FIG. 4A a schematic illustration of the 
top view of capacitive touch sensor pattern 60 fabricated 
in black matrix material 61, as described above, is 
shown. FIG. 4B is a perspective view of these same lay- 
ers which comprise the capacitive touch sensor pattern 
and resistive strings in the black matrix layer of a liquid 
crystal display. In FIGS. 4A and 4B, black matrix mate- 
rial 61 and color filter array 66, 67 and 68 (if needed) 
are superimposed over transparent conductor 62. Ca- 
pacitive touch sensor pattern 60 is shaped by a series 
of isolation areas 64, created in the black matrix material 
61 using conventional photolithography and etching. 
Only a few segments of the touch sensor are shown in 
FIGS. 4A and 4B. Resistive strings 65 located in a pe- 
ripheral area of black matrix material 61, are made at 
the same time the entire black matrix material layer is 
patterned, in a one step process. Positions A, B, C, and 
D, correspond to the same letters as in the capacitive 
touch sensor of FIG. 3A. 

To implement isolation areas 64 of FIGS. 4A and 
4B, the black matrix mask is modified to define a con- 
ducting strip pattern that constitutes the digitizer as well 
as the current dividing resistors. This is achieved by 
etching, in the conducting black matrix layers, a series 
of thin (typically 5 - 15 u,m wide), serpentine patterns 
(typically 1 00 - 300 urn long), and which are represented 
by the solid black lines labeled isolation areas 64. Addi- 
tionally, the location of isolation areas 64, in black matrix 
material 61 may be adjusted so as not to unacceptably 
interfere with the operation of the other liquid crystal dis- 
play layers, located below. For example, with reference 
to the capacitive sensor pattern shown in FIG. 4A, align- 
ment of black matrix material 61 with the underlying ac- 
tive matrix plate 25 (FIG. 2), is important if light is not to 
leak through isolation areas 64. For this reason the hor- 
izontal openings 69, of isolation areas 64, should be po- 
sitioned directly above the gate or row lines of the tran- 
sistors on active matrix plate 25. Corresponding vertical 
openings of isolation areas 64 should likewise be posi- 
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tioned directly above the data or column lines on active 
matrix plate 25. Typically, column lines on active matrix 
plate 25 are narrower than row lines, so that the align- 
ment precision required, is dictated by the dimensions 
of the column lines. For example, if the column lines are 
only 10 u.m wide and isolation areas 64 are 3 |im wide, 
the alignment tolerance must be better than ± 3.5 u.m in 
order to avoid light leakage. 

One means of relaxing the alignment constraints 
between black matrix material 11 and active matrix plate 
25, is shown in FIGS. 5A and 5C. In this embodiment, 
blue color filter elements 74 of color filter array 72 can 
be used for vertical isolation in black matrix material 71 . 
The alignment of a horizontal section of isolation area 
73 to a blue color filter element 74 is depicted in FIG. 
5B. By using blue color filter elements 74, openings in 
only horizontal sections of black matrix material 71, 
need be made. Since the row lines of active matrix plate 
25, are typically much wider then column lines, such a 
configuration relaxes isolation area 73 alignment con- 
straints. Blue color filter elements 74 of color filter array 
72 are also used for isolation to further minimize effects 
of misalignment and light leakage. Since the human eye 
is less sensitive to blue, any light leakage will go largely 
unnoticed. 

Referring again to FIGS. 4A and 4B, once conduct- 
ing black matrix material 61 has been appropriately pat- 
terned, the color filter array materials 66, 67 and 68 are 
sequentially deposited and patterned using convention- 
al materials and photolithography. For example, a red- 
pigmented resist is spun onto the color filter plate con- 
taining black matrix material 61 . If the red-pigmented re- 
sist is photosensitive, it can be patterned, as deposited. 
Otherwise, a photosensitive material is applied to trans- 
fer the red filter array element 66 pattern to the under- 
lying pigmented material, and form the red component 
of the filter array. This process is repeated two more 
times - once each for green and blue filters. The light 
shielding by color filter array materials 66, 67 and 68, 
requires an optical density of at least 2.0. Color filter ar- 
ray materials 66, 67 and 68 are easily removed from the 
periphery of conducting black matrix material 61 , to en- 
able subsequent electrical contact. Next, planarization 
layer 13, an overcoat of polyimide or like material, is ap- 
plied to seal and provide a flat surface above color filter 
array material 66, 67 and 68. Planarization layer 1 3 can 
be printed and again the periphery of conducting black 
matrix material 61 can be left exposed. 

Finally referring to FIG. 2, a blanket film of transpar- 
ent conductor 14, such as indium tin oxide (ITO) is de- 
posited on top of planarization layer 13. The term trans- 
parent does not require 100% optical transmission. 
Transparency sufficient to render visible, liquid crystal 
display images is the only requirement. For purposes of 
the present invention, materials which are nonconduc- 
tive to light generally transmit less than 0.1% and pos- 
sess an optical density of 3.0. A shadow mask can be 
used during the deposition process to prevent deposi- 



tion of transparent conductor 14 on conducting black 
matrix material 61 (FIG. 4A). In this way, separate con- 
tacts 21, 22 can be made to each layer. 

Contact 22 to transparent conductor 14, which 
s serves as both the guard plane for the capacitive touch 
sensor and the common electrode for the liquid crystal 
display, is achieved by using a dot of conducting epoxy 
to contact active matrix plate 25, containing the array of 
thin film transistors. Similarly, contact to the four node 
to pads A, B, C, and D of the black matrix digitizer can be 
made through leads connecting each node pad to active 
matrix plate 25. Alternatively, the current sensing elec- 
tronics may be attached directly on the color filter plate 
10 using chip-an-glass methods, or flexible, heat-sensi- 
tive conducting tape. Alternatively, the current sensing 
electronics could be fabricated from transistor and ca- 
pacitor elements used in making the active matrix plate 
25. 

A variety of methods may be used to sense the cur- 
rents flowing to the four nodes A, B, C, and D of the 
capacitive touch sensor. One such method is shown in 
FIG. 6. See U. S. Patent 5,337,353, which is incorporat- 
ed herein by reference. FIG. 6 shows a current amplifi- 
cation circuit 80 which can be used to sense the currents 
at each of the nodes A, B, C, or D. Black matrix contact 
pads 81 at each of the nodes A, B, C and D as well as 
common/guard plane contact pad 82 are connected 
through a shielded cable 85, to transformer 83. Voltage 
source 88 drives the shield of cable 85 directly, so that 
the sensing electrode and guard electrode are driven in 
unison through transformer 83. One terminal of trans- 
former 83 is connected to a black matrix node A, B, C, 
or D, and the other end is connected to an input of am- 
plifier 84 which, together with capacitor 86 and resistors 
87, operates as an integrator. The outputs from each 
current amplification circuit, for each of the nodes A, B, 
C, and D are then multiplied with a reference signal from 
a pulse generator, not shown. This synchronization with 
the applied voltage waveform serves to filter the signal 
with respect to noise. 

Finally, output currents from nodes A, B, C, and D 
are phase locked and summed as shown in FIG. 7 and 
the coordinates of the touched position are determined. 
The X-axis and Y-axis outputs along with the total cur- 
rents generated from this circuit are used to calculate 
the normalized position of the object in contact with the 
flat panel display screen, according to equations (1 ) and 
(2). 

It will be readily appreciated by those skilled in the 
art that other liquid crystal display module elements of 
the liquid crystal display module could be similarly mod- 
ified to incorporate a capacitive touch sensor pattern. 
For example, a patterned layer of ITO material placed 
on an outer surface of the color filter plate provides high- 
er signal-to-noise performance for the digitizer by plac- 
ing the sensing electrodes further away from the guard 
electrode. The distance between the sensing electrodes 
and guard electrodes is about 1-2 microns, when the 
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black matrix material is patterned for sensing pen or fin- 
ger input, whereas, the placement of a patterned ITO 
layer on the outside surface of the liquid crystal display 
module increases this separation to 1 millimeter. Also, 
the guard electrode could be split into rows and the black 
matrix layer into columns so that an active pen would 
detect input on the display screen. 

Claims 

1 . A liquid crystal display panel comprising: 

a flat panel display screen; and 
a liquid crystal display module having a plurality 
of liquid crystal display module elements, 
wherein said plurality of liquid crystal display 
module elements display information on said 
flat panel display screen and sense the location 
of an object touching a surface portion of said 
flat panel display screen. 

2. The liquid crystal display panel of claim 1 , wherein 
said plurality of liquid crystal display module ele- 
ments of the liquid crystal display module display 
information and sense the location of an object 
touching a surface portion of said flat panel display 
screen with a shared common liquid crystal display 
module element. 

3. The liquid crystal display panel of claim 1 , wherein 
said plurality of liquid crystal display module ele- 
ments of the liquid crystal display module display 
information and sense the location of an object 
touching a surface portion of said flat panel display 
screen with a plurality of shared common liquid 
crystal display module elements. 

4. The liquid crystal display panel of claim 1 , wherein 
said object is a finger or a stylus. 

5. The liquid crystal display panel of claim 1 , wherein 
the liquid crystal display module comprises either 
an outer surface a layer of transparent conductor 
material and senses the location of said object 
touching a surface portion of said flat panel display 
screen with such surface or layer. 

6. The liquid crystal display panel of claim 1 , wherein 
the liquid crystal display module comprises either a 
layer of black matrix material or a layer ot transpar- 
ent conductor material and a layer of black matrix 
material and senses the location of said object 
touching a surface portion of said flat panel display 
screen with such layer, or layers. 

7. The liquid crystal display module of claim 6, wherein 
said layer of black matrix material comprises a plu- 



rality of strips of conducting material separated by 
a plurality of horizontal isolation lines and a plurality 
of vertical isolation lines. 

s 8. The liquid crystal display module of claim 7, wherein 
said plurality of horizontal isolation lines are aligned 
to one of a plurality of gate lines or a plurality of row 
lines on a transistor array plate of a liquid crystal 
display module, or said plurality of vertical isolation 

10 lines are aligned to one of a plurality of data lines 
or a plurality of column lines on a transistor array 
plate of a liquid crystal display module. 

9. The liquid crystal display module of claim 6, wherein 
15 said layer of black matrix material comprises either 

a plurality of resistive strings and a plurality of con- 
tact pads, or a plurality of strips of conducting ma- 
terial separated by a plurality of horizontal isolation 
lines, a plurality of vertical isolation lines, and a plu- 
20 rality of resistive strings and contact pads. 

1 0. The liquid crystal display module of claim 6, wherein 
said layer of black matrix material comprises a plu- 
rality of non-continuous horizontal isolation lines. 

25 

11. The liquid crystal display module of claim 10, 
wherein said plurality of non-continuous horizontal 
isolation lines are aligned to a color filter array liquid 
crystal display module element of the liquid crystal 

30 display module, said color filter array liquid crystal 
display module element for example being a blue 
color filter array liquid crystal display module ele- 
ment. 

35 12. A method of detecting input on the flat panel display 
screen of a liquid crystal display panel comprising 
the steps of: 

applying a signal to a liquid crystal display mod- 
40 ule element of a liquid crystal display module; 

and 

generating an output signal in response to con- 
tact by an object with a surface portion of the 
flat panel display screen, said output signal be- 
& ing indicative of the location of said object on 

said surface portion of the flat panel display 
screen. 

13. The method of claim 12, further comprising the step 
50 of measuring changes in current flowing through 
said liquid crystal display module element, in re- 
sponse to contact by said object with said surface 
portion of the flat panel display screen. 

55 14. The method of claim 12, wherein said generating 
step comprises generating said output signal in re- 
sponse to contact by a stylus or a finger with a sur- 
face portion of the flat panel display screen. 
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15. The method of claim 1 2, wherein said applying step 
comprises applying said signal to a black matrix el- 
ement or to a transparent conductor display ele- 
ment or to an electrode deposited on an outside por- 
tion of a color filter plate of said liquid crystal display s 
module. 

16. A method of detecting input on the flat panel display 
screen of a liquid crystal display panel comprising 

the steps of: to 

applying a signal to a plurality of display ele- 
ments of a liquid crystal display module; and 
generating an output signal in response to con- 
tact by an object with a surface portion of the is 
flat panel display screen, said output signal in- 
dicative of the location of said object on said 
surface portion of the flat panel display screen. 

17. The method of claim 1 6, wherein said applying step 20 
comprises applying said signal either to a black ma- 
trix and transparent conductor display elements of 
said liquid crystal display module, or to an electrode 
deposited on an outside portion of a color filter plate 
liquid crystal display module element. 25 



30 



35 



40 



45 



50 



55 



8 



EP 0 770 971 A2 



FIG. 1A 

DISPLAY PANEL 
(PRIOR ART) 




FINGER 



REFLECTING 
BACK SURFACE 



p- COVER GLASS 
DIGITIZER 
POLARIZER 

LIQUID CRYSTAL DISPLAY MOOULE 
POLARIZER 



BACK LIGHT 



FIG. 1B 

LIQUID CRYSTAL DISPLAY MODULE 
(PRIOR ART) 



BLACK MATRIX MATERIAL 
TRANSPARENT CONDUCTOR. 

TRANSPARENT CONDUCTOR. 



•COLOR FILTER PLATE 
-COLOR FILTER ARRAY 

"LIQUID CRYSTAL MATERIAL 



•ACTIVE MATRIX PLATE 
(COMPRISING THIN FILM 
TRANSISTORS AND PICTURE 
ELEMENTS (PIXELS)) 



9 



EP 0 770 971 A2 



FIG. 2 

COLOR FILTER 
PLATE 10 

\ 



BLACK MATRIX 
CONTACT PAO 
21 



PLANARIZATION 
LAYER 

13 



LIQUID CRYSTAL 
DISPLAY MODULE 

1 



BLACK 
MATRIX 
MATERIAL 
11 



COLOR FILTER 
ARRAY 12 




TRANSPARENT 
CONDUCTOR 



ALIGNMENT 
LAYER 15, 17 



COMMON/GUARD PERIMETER AOHESIVE ACTIVE MATRIX 16 
CONTACT SEAL 19 PLATE 25 



PLANE CONTACT 
22 



TRANSPARENT 
CONDUCTOR 
18 




10 



EP 0 770 971 A2 



FIG. 3B 
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